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Four more or lea unrelated subjects have been

under investigation during the past 9L: wonths. Each

has been the outqro-th of previous wozk, or im in some

way related to it. lbss suLjacts axz 1) purity of

chromium films reported on in the provious isuue of this

seriesl 2) use of a laser beam as an evaporating source,

since this appears an a possible way of evaporating

refractory materials, 3) smoothness of substrates --

a study necessary because of previous diZficulties

already reported ont and, 4) evaporation by means of

electron bombardment -- again as a possible means of

evaporating refractory materials.



to thovGe whose cptin1a q:il ~ '~c'~rc~~ '

the Previous I-~prt ot S2a ;.0

on Float glaies by U ~jc ~,~t.

of England.. DK-PC31";ijVJ '-.C- I tLI -- c-

irig of 10 parallel 0,.0404 w~G~ c (0Eav ~vti!. trI

wire CbtaincC' from the (2tmzYr E1aiC

3vaporatIons were coi~1etcd i~n tiMB~ of 20 semeftr oi

the an~alysis of tha mtzraa in U- i glics are not lumm.

rin analysaamo a dhouim prmpai3 d -. thu sam~e batcab

aa that umad (by the Albbiny Kw~ti 1'2xgy tb32earh Cinntor

of the 11. 3, Depurtzont og.' the Xnt~rior Bureau of W4~nCE)'

it in s EtiJated to contain tho following imz~pities. in~

Parta p~r milli=3a 120 cm~ygQs 5 hyrqyn Iesa than

20 nitrugvn, 50 ca~ban, and tracs amaumits c alumbiamm'.

iron, silicon and aluke1l.
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In a preliminary aG rvey at CBC by Mr. J.

McCleary, trace amounts Iprobably loes than 10 ppm)

were observed of Mn, Pe, Sn On, and Cu,

Further work is unde way to obtain a better

analysis by using uzydooed ttungoten. wire (suppliel Inv

General Electrtc) ao a eirca znd japc.x-atinq chxcmium

onto fused quarts 9ub3kte (tppt;o by CornIng).
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USE OF LASER BEA4 AS EVAPClIA'IWNG SOURCE

It has been augqsted a nui1ex ot tiras that th(

focused beam from a 1ar m.cjht be iod as a possiblo

evaporating srurc, - c~ir-z th- cn,-z.! :z y b---~ oato

an area uhich is appr wtuZa4 y ,dhat ol tho A ry dirc

due to the diffrvctioni Iiinititiot, of tlo.c r~zia -i

laser rod. For a ruby laiez opte-atiL-W at appr=:4 -'ai:atly

7000 9 and using a 0.6 cm diaw- tez rod, the area of

the Airy disc when the laser beam is fo 2xasea is

approximately 6 x 10-Scm 2.  Thu. *en th imperfeti

focusing, very high energies per unit area can b achiweed,

If the energy in the flash can bu absorbed by the

material which is being iLraciatod, ew-poation may rc sult.

The thickness of an ovar-oratad film is inversely

proportional (apprcaimately) to the produot of heat

of vaporization by density. Thus, assuminq uniform

evaporation to the half-sjhere t

t Q x 10
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where a is the energy absorbed, in )oules

r the distance between source and substrate

Cj is Jdoule' conotWan (4.16 x 103 joules/k Cal)

Kv  is the heat of vaporisation in k

is the density In qsn/cm.

t is the thickneer in Angs-trom

1he heat of fusion and the contribution duQ to change

in temperature in the liquid phase have been neglected.

Values of the product HVI are sham In the

accaupanying chart. It will be noted that tho refractory

( metals of interest have values ranging frou 15-20k aml/Cs3 .

Since the reflectivities of these materials are high,

it will probably be necessary to use then in powdered

tarm.

CalculatiLas for tungsten indicate that with

r - an one might expect a film thickness of

approximately 8 Anqstroma per Joule absorbed, From

data in Landolt-nornastein the reflectivity of tungsten

is close to 50% (at 6500 1) and hence there is an eupected

thickness of 4 A/jale emitted.

I it
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I°
Zn an experivcntal arrangement using the figures

kC g.ven above, a total enermy output (using manufacturer's

data) of 30 joulaa gave a ba cty detectable film --

certainly much less than the 120 A ocpactod. AD

electron micrograph shotd a biqhl.y pzrtiaulato struct~e

with widely scattered cluxpa of the rrn 50 - 150 A

in size. There was also sn evid~rjcn of impact offTct

an the supporting collodiafn oubstrate as though each

clump of tuagaten had arrived at the substite as a

singl, pellet Which then depressed the subatrate for

an appreciable area in the vicinity of the impact point.

nore work must be doue here to verify this o establish

it as artifact.

The above ezperint made 'as of podered tungqtq.

An earliar attept using sheet tungsten qave no

observable film, but the sheet tuznsten showed damago

from the radiation.
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S600UNIS 0W' SUBTAT3S

In several previous reports in this series

mention has been made of an eperimental difficulty

which has arisen in the atteapt to dctaaI4n* refractive

index and extinction comfficient by measurement of

reflectance, transuittanea and thickns, The

measured values, with the assignable error will not

yield values of refractive index and extinction coef-

ficient. For example, if the measured (corrected)

transmittance value is located on the calculated

Curves of T vs s/A for a particular n and k. the

measured value of reflectance is always too low to

fall on the corresponding calculated curve of R vs s/A.

A possible source of this difficulty in the case

of very thin metal films is the surface roughness of

the substrate material. If the substrate is not

molecularly smooth, then the deposited film will not

be a plane slab with parallel sides, since the films

have thicknesses of the order of 100 - 200 I. The
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a1oulatecd CuuvOe of R and T vs s/A as0= such

qemetRy. ft addition to the eurtae reoghness of

the substrate there Will inevitably be superposed the

olCUM structure of the film Itself.

From Swelimuins measwsmsants, it is now

believed that substrates previously used my have had

a surface roughness of the order of 100 1 or More.

New fused quarts substrates have just been received

which were optically polished by Mr. lProd Pearson of

the Rocky Momtain Scientific Instrumest Company using

special tedhniques.

An attaipt to evaluate their surface roughness

has bees made by observing the "noiseoan Lzeau

interference rLnes. Two such plates were selected

vhich had surfaces flat (as contrasted to smooth) to

better than X wa/O • These, were then coated with

silver to a tranamission of 4% in a rapid evaporation.

The plates were apprcistately one inch sqmare. They

wee arranged such that there were only two fringes in
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the surfaces under observation. Masurements were

oade with a traveling oc roscpe of fringe width

relative to ingo spasaq. The fige vLidth was ta

as the actual frnge line plus Its associated noise due

to surface roughness. sults on one such pair of

surfaces yielded a fringe width of 35 ± 10 1. Since

the contribution to the noise is due to both surfaces,

it appears that the plates are probably smooth to 20

or loes.

Plate I shows typical photographs of the fringes.

The photograph (a) show fringes occurring between a

polished plate of fused quartz of the type previously

used in this work and one of the now plates disLcussed above.

Measurements of fringe noise yield a surface rouqhness of

10-200 1

Photoqraph (b) shows fringes occurring between two

plates of Corning fused quartz polished by Pearson. The

double fringe is, of course, due to the Na line. Although

the photograph is not an Ideal example, it will be noted

by conparison with (a) that the fringe noise is quite stall.
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TJe photogrph (a) is sham gt coariaom. The

losr quarts plate is again on at the Ownaiau-kresom

amples, WAlo the upper plte to me of the olde q6M t

pate GOeted With TL0 2- b. mnoLeo ld efarge

roughoesses of the order of 200-300 1. Itne the T'0 2

film was also this order of thi€cness, it is apparent

that this roughness may have sxinlfiaantly influenced the

results of the m4a .uresents of optical constants of TLO2 .
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AIORATION BY MLCTROV SOMAMM-T

Several types of electron bcobardaent heaters have

been tried as high purity sources for the preparation of

thin films. The first typ. of heater tried was a large

carbon crucible, about I" in diamoter and ." in height,

mounted on a wie which was zupported from a high voltage

insulator. The crucible was then placed at a high positive

potential (4000 volts). A 40 mil. W filcment at g%'ound

potential surrounded the crucible to act am an electron

source. Currents of the order of 200 ma could be made to

flow at around 500 volts. More power could iot be put

into the system because of a power supply maximum of

200 ma. No heating of the crucible was observed even

though over a hundred watts was being put into the crucible.

Zt is possible that many of the electrons were flowing to

the wire rather than the crucible. Also, since the crucible

was so large, a large amount of energy was required to

raise its temperature appreciably.
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A difficulty that arose here and in subsequent

investigations was the problem of glow discharge in the

vauum system due to the presence of the high voltage,

G lov discharge occurred only ihen the hiqh voltage was

on and the filament had been heated to just below its

emitting temperature, When the glow discharge occurred.

the pressure would rise rapidly and the current between

the crucible and ground grew large. At this point the

high voltage would have to be shut down until the vacuum

had been restored in the chamber. By qoinq through this

procedure several times the chamber could be sufficiently

outqased to allow the experiment to be carried out.

A moge suitable container was built to house the

filament and target. It consisted of a can with a

removable lid which also had a hole in it through which

the vapor could pass. A hole was made in the bottom in

which an insulator could be placed to support the crucible.

Two insulators were provided inside the container to support

the filament. However, this did not solve the problems of

sagging filaments, mlting insulators or low power input

due to power supply limitations,

-13-



To solve the problem of melting insulators the

crucible was mounted on a piece of 40 mil N wire about

20 long. The vire was clamed in a brass shank which

was In turn mounted on a 2* insulator, 2he filaumt and

power problems were solved by emiseion-limiting the current.

bis was done by makinq two sharp bends in the filament.

Zn this way the heating of the filament could be localized

in the bends, and could also be accurately controlled by

regulating the filament current. Thus, the emission was

hold at a desired level allowing the voltage and hence the

power to be varied over a wide range.

Under these conditio s power input of the order of a

kilowatt could be obtained. 0.5 grams of Al was evaporated

in 1-2 seconds after the high voltage was turned on.

The crucible was replaced by a piece of 40 il W wire.

By carefully raising the voltage of the wire to 5000 volts

and turning the filament current to maximum, the section of

the wire in the same plane as the emission center of the

filament could be melted, However, the molten tungsten ran
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down the side of the wirmi so no evaporation took place.

Another probleM observed Was that although the filament

was heated for maximum emission, only 50-60 ma& current

could be obtained. it is possible that the density of

electrons around the snal plate was so great that space

charge limitations had occurred.

'1o provide Icr better ontrol Ohe tungsten wiro was

suspended from above in an a~iparatus that could be raised

and lowered may 4ally from outside the vacuum chamber. In

this way the i.ungqtan wira could be adjusted so that just

its tip lay in the plan* of amiscion, Heating was then

localized co the tip of th. wire. Th2 tip of the tungsten

melted frming t umaIl ba:Ll because of surface tension

effects. After this occw-7ed, the voltage could be raised

to 7'jO0 volts which caused more melting. By keeping the

bail in the plane of aimsion it grew larger, which in turn

allowed the current to incrxase. When the power had

eoached about 500 watts, the evaporation began with sparks

flying iii all directions. W' continued as long as the

target remained in the plarne of emission.
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None of the evaporated tungsten collected an a

glass substrate, however, It did form a Lilz on the

metal stabstrate holder, tih suggests that the vapor

became charged as it left the source, Similar results

were observed when evaporating a No0 wire, al thouqh

only about mne half as much power wasn required for the

evaporation, In an attempt to eliminate the charged

vapor, the source was placed at ground potential and

the filament was placed at a high negative potential,

The evaporation proceeded in the 38ntos manner, but again

no film was collected on the substrate,

It was then suggested that if the vapor were

passed through a cloud of electrons, the positively

charged tungsten ions might collect the needed electrons,

become neutral and stick to the substrate, This possi-

bility has not beew thoroughly investigated, but recent

results indicate that it way be a solution to the problem.

Films of Al and Aq have been prepared usinq the

electron bomb~ardment technique. In these cases no

ionisatice problem were encountered. This Indicates that

electron bmamet my be a method of producing high

purity films of at least acme materials.
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